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PRODUCTION OF ANTIBODIES 

FIELD OF THE INVENTION 

5 The present invention is in the field of applied biotechnology 
and relates in particular to an economic way of producing 
antibodies, or more particularly fragments thereof, in plants. 

BACKGROUND OF THE INVENTION 

10 

The production of antibodies in microbial or plant systems can 
be advantageous for a number of applications . 

Firstly microbial or plant sources can be used as bioreactors. 

15 In this situation the antibodies and/or their derivatives are 
produced on a large scale in modified organisms . The use of 
such ^bioreactors' , especially plants has the advantage that 
scale up to produce large quantities e.g. more than 100 kg or 
even more than 1000 kg of antibodies is relatively easy and 

20 does not require significant investments in harvesting or 
processing equipment. 

Alternatively antibodies and/or their derivatives can be 
produced in plants with the aim of reprogramming the plant 
25 metabolism or to improve defence mechanisms of said plant. 
The antibodies to be produced are chosen such that they target 
specific enzymes to modulate their activity and/or to provide 
the plant with protection against pathogens such as parasites 
and viruses. 

30 

Several attempts have been made to express antibodies or 
fragments thereof in micro-organisms or plants. 

Evidence from the literature suggests that where it is desired 
35 to express antibodies in microbial systems, the most 
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favourable results are obtained using smaller fragments. 
Whole antibodies and larger antibody fragments, such as Fab 
fragments, are very difficult if not impossible to produce. 
Smaller molecules such as single chain antibody fragments 
5 (scFv) are somewhat easier. Generally, however the best 
results are obtained if even smaller molecules such as heavy 
chain variable fragments (HCV) are produced (see, for example, 
WO 94/25591 (Unilever)). 

10 In plant host systems, both large molecules, such as complete 
murine antibodies and smaller murine antibody fragments such 
as single chain Fv (scFv) fragments are capable of being 
expressed. 

15 The production of functional complete murine antibodies in 
plants was first reported by Hiatt et al, Nature, 342, 76-78 
(1989) . Subseguent reports of the functional expression of 
murine monoclonal antibodies in plants include During et al, 
Plant Molecular Biology, 15, 281-293, (1990) and Ma et al, 

20 European Journal of Immunology, 24, 131-138, (1994) . 

Transgenic tobacco plants expressing a synthetic gene encoding 
an antigen binding single chain Fv protein (scFv) and which 
produce functional scFv protein have been described by Owen et 
25 al, Biotechnology, 10, 790-794, (1992) . The expression of 
functional (that is having antigen-binding activity) scFv 
protein in transgenic plants has also been described in other 
reports in the literature, see, for example, Tavlaoraki et al, 
Nature, 366, 469-472 (1993) . 

30 

Given that the production of functional complete antibodies 
requires the correct assembly, via covalent and non-covalent 
interactions, of both the antibody heavy and light chains, it 
might have been expected that expression of smaller antibody 
35 fragments, with their less stringent assembly requirements, 
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would be advantageous. It has however been reported that 
generally, in practice, better yields are achieved with plants 
transformed with complete murine antibodies rather than small 
fragments (Ma et al, Science, 268, 716-719 (1995)) 

5 

Furthermore, it is the experience of the present inventors 
that the expression of genes encoding scFv proteins in plants 
is not reliably reproducible and hence such a process would 
not readily lend itself to large scale production. Moreover, 
10 expression of genes encoding scFv molecules in plants can have 
an undesirable effect on plant cell morphology. 

Benevenuto et al, Plant Molecular Biology, 17, 865-874 (1991) 
describe attempts to express smaller isolated murine heavy 
15 chain variable domain antibody fragments in plants. 
Successful expression is reported but there is no indication 
that binding affinity is retained. 

For many purposes, it is important to be able to target 
2 0 antibodies or fragments thereof to specific cellular 
compartments. For example, where maximisation of yield is 
desired, targeting to the ER or the apoplastic space can help 
by providing a less reducing, more stable environment than is 
present in the cytoplasm. On the other hand, where it is 
25 desired to interfere with the activity of specific enzymes, in 
order to engineer metabolic changes in a plant, it is 
necessary to ensure that the antibodies are directed to the 
particular compartment in which the enzyme is active. 

30 In order to direct the expression of the desired protein to a 
specific cellular compartment within a plant cell, the antibody 
proteins are fused to specific targeting sequences (peptides) 
where required. Expression in the chloroplast requires an N- 
terminal chloroplast targeting sequence (generally termed transit 

35 peptide) which is cleaved off upon entry into the chloroplast 
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(reviewed in Keegstra & Cline (2000) Plant Cell 11, 557-570) . 
There is little sequence homology among these transit peptides 
except that they are often rich in hydroxylated amino acides (eg 
serine) , are deficient in acidic amino acids and they can vary in 
5 length from 30 to >100 amino acids. Various transit peptides 
fused to heterologous proteins have been used successfully to 
direct the protein to the chloroplast however there are no clear 
rules that will guarantee correct targeting and cleavage of the 
fusion protein. Some groups have used an exact fusion of the 

10 transit peptide to the heterologous protein; for example the 
transit peptide of the small subunit of rubisco from petunia has 
been used in this way (Fray et al (2000) Nature Biotech 17, 1017- 
1020) . Others have used transit peptides with two amino acids of 
the mature protein, eg potato granule-bound starch synthase 

15 (GBSS) (Kortsee et al (1996) Plant Journal 10, 83-90), and some 
have used as many as 23 amino acids of the mature protein eg the 
small subunit of rubisco from pea (Nawrath et al (1994) Proc. 
Natl. Acad. Sci USA 91, 12760-12764) . Another group used the 
transit peptide of the Arabidopsis small subunit of rubisco plus 

2 0 24 amino acids of the mature protein followed by a repeat of six 
amino acids before the cleavage site and an additional two amino 
acids of the mature rubisco protein (Wong et al (1992) Plant Mol. 
Biol. 20, 81-93) . 

25 Proteins that enter the secretory system have N-terminal 
targeting peptides generally known as "signal peptides or 
sequences" which direct them initially to the endoplasmic 
reticulum (ER) whence, depending on additional sequences, 
the proteins are sorted either to vacuoles or are secreted 

30 from the cell. In addition, proteins which enter the ER and 
have a carboxy terminal peptide KDEL are retained within the 
ER membrane system. For location in the cytoplasm, no 
targeting sequence is required. 

35 The targeting of classical conventional antibodies (ie IgG, 
scFv etc) to various cellular compartments of plants has 
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been reviewed in Conrad and Fielder (1998) Plant Molecular 
Biology 38, 101-109. Most commonly the homologous signal 
sequence of the murine IgG (e.g. CEA66E3) has been used to 
direct expression of the antibody via the secretory pathway, 
5 although the signal sequences from plants (PRla, legumin B4, 
2S storage protein) and even bacteria (pelB) and yeast have 
been used successfully. Generally the highest expression 
levels were obtained by the use of a signal peptide and C- 
terminal KDEL ER retention signal. There are no reports of 

10 successful targeting of antibodies to chloroplasts using a 
transit peptide as the targeting sequence. However, During 
et al (1990) Plant Mol. Biol. 15, 281-293, reported that 
when the barley a-amylase signal peptide was fused to the 
light and heavy chains of a monoclonal antibody, there was 

15 some apparent aberrant localisation of antibody within the 
chloroplast although the majority of the labelling was in 
the ER. The authors had no explanation for this observation 
and were unsure whether import into the chloroplast had 
actually occurred or if there were other reasons for the 

20 specific labelling. Interestingly, no labelling could be 
detected in the expected location of the apoplastic space or 
in the golgi apparatus or secretory vesicles. 

WO 94/4 678 (Casterman et al) describes the isolation of 
25 immunoglobulins from Came 1 ids . These immunoglobulins, 
hereinafter "heavy chain immunoglobulins" have a 
characteristic distinct structure in that they are naturally 
devoid of light chains, with the antigen-binding sites being 
contained entirely within the heavy chain variable domains. 
30 This in turn leads to a characteristic structure for the heavy 
chains of these immunoglobulins, because the variable domain 
has no interaction sites for a light chain and a complete 
antigen-binding site has to be formed with no contribution 
from the hypervariable loops of a light chain variable domain. 
35 The heavy chain variable fragments (HCV) of these 
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immunoglobulins are often referred to as VHH fragments. Such 
immunoglobulins or fragments thereof, show the functional 
properties of conventional, four chain, immunoglobulins but by 
virtue of their simplified structure offer advantages in 
5 preparation and use. 

There are no reports in the literature of correctly targeted 
expression in plants of heavy chain immunoglobulins or 
fragments thereof. A report has appeared in a PhD thesis (Vu, 
1999, Vrije Universiteit, Brussels, Belgium) of expression of 
10 a heavy chain variable domain in fusion with a chloroplast 
targeting peptide in Nicotiana tabacum. However, targeting to 
the chloroplast appears to have failed and the subcelluar 
localisation of the antibody fragments (which remained as a 
fusion protein) was not established. 

15 

There remains a continuing need for the development of 
improved methods for the production of antibodies and 
fragments thereof in plants, with the aim of providing methods 
suitable for economical large scale production for protecting 
20 plants from pathogens and for modulating their metabolism. 

SUMMARY OF THE INVENTION 

Accordingly, in a first aspect the invention provides a method 
25 for modifying a plant to produce an antibody or an active 
fragment or derivative thereof in a desired cellular 
compartment, comprising introducing into a plant a DNA 
sequence encoding a heavy chain immunoglobulin or an active 
fragment or derivative thereof, or a sequence encoding a 
30 protein functionally equivalent thereto, said DNA sequence 
being operably linked to one or more promoters and provided, 
as appropriate, with an additional sequence encoding a peptide 
sequence capable of targeting said antibody or fragment or 
derivative thereof to said desired cellular compartment. 
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Also provided is a method for preparing a heavy chain 
immunoglobulin or an active fragment or derivative thereof 
comprising extracting said immunoglobulin or fragment or 
5 derivative thereof from a plant modified according to the 
first aspect of the invention. 

In an alternative aspect, the invention provides the use of a 
DNA sequence encoding a heavy chain immunoglobulin or an 
10 active fragment or derivative thereof, or a sequence encoding 
a protein functionally equivalent thereto, to cause a plant to 
produce said antibody or fragment or derivative thereof or 
protein functionally equivalent thereto in a desired cellular 
compartment . 

15 

Also provided is a modified plant having, in a desired 
cellular compartment, enhanced levels of heavy chain 
immunoglobulins or active fragments or derivatives thereof, or 
proteins functionally equivalent thereto, particularly 
2 0 compared to equivalent but unmodified plants. 

Seeds, fruits and progeny of such plants and hybrids are 
included within the invention. 

25 Food products such as sauces, dressings, tomato products such 
ketchups, meals, juices and soups, comprising a plant or part 
thereof according to the invention are also provided. 

Also provided are skin and hair protective compositions and 
30 pharmaceutical compositions comprising a plant or part thereof 
according to the invention. 

As used herein, "plant" means a whole plant or part thereof, 
or a plant cell or group of plant cells, or an extract 
35 thereof. The invention is particularly directed at 
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transforming whole plants and the use of the whole plant or 
significant parts thereof. 

The term "antibody" refers to an immunoglobulin which may be 
5 derived from natural sources or synthetically produced, in 
whole or in part. An "antibody fragment", alternatively an 
"active fragment", is a portion of a complete antibody or 
immunoglobulin which retains the ability to exhibit at least 
part, and preferably all, of the antigen binding activity. 

10 

A "heavy chain immunoglobulin" is an immunoglobulin naturally 
devoid of any variable light chain domains but which is 
capable of specifically combining with an antigen. The 
antigen-binding capacity and specificity is located 
15 exclusively in the immunoglobulin heavy chains, more 
specifically in the heavy chain variable domains. 

The "sequence encoding the heavy chain immunoglobulin or an 
active fragment or derivative thereof" encompasses a genomic 

2 0 or cDNA clone or a sequence which in proper reading frame 
encodes an amino acid sequence which is functionally 
equivalent to the amino acid sequence of the protein encoded 
by the genomic or cDNA clone. By "functionally equivalent" is 
meant any protein or fragment or derivative thereof which has 

25 the same or similar antigen-binding properties, said antigen- 
binding capacity being located in a single binding domain. It 
should be understood, however, that isolated VH domains of 
conventional antibodies are not included within the scope of 
the invention. Similarity in functionality can be evaluated by 

30 routine screening assays, for example, by assaying the binding 
affinity of the immunoglobulins produced upon expression in 
plants . 

A "functionally equivalent" derivative may be characterised by 
35 an insertion, deletion or substitution of one or more amino 
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acid residues in the sequence of the heavy chain 
immunoglobulin or active fragment thereof and includes within 
its scope fusion molecules. Such derivatives may readily be 
made by using conventional techniques well known in the art 
5 such as peptide synthesis techniques or recombinant DNA 
manipulation of a gene encoding a heavy chain immunoglobulin 
by site directed mutagenesis. 

It will be appreciated that immunoglobulins or fragments or 
10 derivatives thereof modified to enable them to function as 
binding domains in the same way as immunoglobulins naturally 
devoid of light chain domains ("heavy chain immunoglobulins") 
may also suitably be used according to the invention. 

15 A "gene" is a DNA sequence encoding a protein, including 
modified or synthetic DNA sequences or naturally occurring 
sequences encoding a protein, and excluding the 5' sequence 
which drives the initiation of transcription. 

20 "Operably linked to one or more promoters" means the gene, or 
DNA sequence, is positioned or connected to the promoter in 
such a way to ensure its functioning. The promoter is any 
sequence sufficient to allow the DNA to be transcribed. After 
the gene and promoter sequences are joined, upon activation of 

25 the promoter, the gene will be expressed. 

An "equivalent, unmodified" plant is a plant which has a 
substantially identical genotype to a modified plant of the 
invention excepting the introduced sequences present in the 
30 plant of the invention. 

A "construct" is a polynucleotide comprising nucleic acid 
sequences not normally associated in nature. 



